21 A massive mangrove dieback event occurred in 2015/2016 along ~1000km of pristine 22 coastline in the Gulf of Carpentaria, Australia. To gain insights into dieback drivers, we 23 combine sediment and wood chronologies to analyze geochemical and climatic changes. The 24 unique combination of low rainfall and low sea level observed during the dieback event was 25 unprecedented in the previous three decades. Multiple lines of evidence from iron (Fe) 26 chronologies in wood and sediment, wood densities and mangrove water use efficiency 27 suggest low water availability within the dead mangrove forest. Wood and sediment 28 chronologies suggest a rapid and large mobilization of sedimentary Fe, which was likely 29 associated with pyrite oxidation within mangrove sediments. High resolution elemental 30 analysis of wood cross sections revealed 30-90 fold increase in Fe concentrations in dead 31 mangrove areas just prior to mortality. Fe concentrations in wood samples correlated 32 strongly with the El Niño Southern Oscillation (ENSO) index, suggesting ENSO was a major 33 driver of Fe mobilization. Large Fe losses from sediments during the dieback are consistent 34 with Fe uptake in the trees, further implying sediment pyrite oxidation. If our data are 35 representative of the entire dieback region, we estimate that the dieback drove the 36 mobilization and loss of 50 ± 173 Gg Fe, equivalent to 8-50% of annual global atmospheric 37
Significant correlations with no time lag were found between Fe in wood and vapour 242 pressure, rainfall, sea level and SOI (Figure 4 ). All climate variables were strongly correlated 243 with SOI. Therefore, we could not separate the influence of individual climate variables on 244 wood Fe. In the dead and living mangrove areas, the strongest correlations with Fe occurred 245 with no time lag (Figure 4) . (Figure 7a ), suggesting increasing water availability in the Gulf of Carpentaria.
281
During the dieback event, median WUE values were higher in dead samples than in living 282 samples, with the differences more pronounced in the upper intertidal zones (Figure 7b ).
283
Comparison of WUE in dead and living mangrove samples suggests lower water availability 284 in the dead mangrove area (Figure 7b ). However, the mean WUE values were compared from 285 1983 to 2017 and were not significantly different (T-test, P = 0.2) in dead and living 286 mangrove areas. Groundwater salinity values were highest in the upper intertidal mangrove 287 areas and lowest in the lower intertidal areas (Figure 7c ). Salinities were not significantly 288 different in the living and dead forest areas (T-test, P = 0.913). 
